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QLTLE OF PROJECT: Genotics of laboratory populations of Drosophllsa,

:Objectives:
1. Study of the adaptive value of speciflc genes and the
roles of natural selection and genetic drift in deter-
mining their frequsncles.

2, Clarification of the role of sexusal 1solation and
seloctive matling as evolutionary forces.

3, Study of the development of DDT resistance in expsri-
mental populations of Drosophila.

i, An analysis of the genetic and environmental factors
causing the development of amelanotic tumor in Drosophila,
SUMMARY OF RESULTS:

A, Adaptive value of specific genes.

The experiments to test the adaptive values of specific genes
have involved sex-linked and autosomal recessives and sex-linkec and
autosomal dominants in competition with their wild type alleles in
population bottles. Purthermore, four mutants in the white series
have been tested in competition with white jtself in populatlon
bottles, and the sex~-linksd recessives, yellow, white, raspberry. and
forked, and the autosomal recessive, glass,have been atudied in
competition with their respoectivo wild type alleles in homeopathic
vials supporting numerically small populations,
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The results of the experiments with the very small populations
with y, w, ras, £, or gl have been published in "Evolution", The
following points emerged from these studles. The populatlirns fluc-
tuated in size from approximately 10 to 100 adults, Even in such
small populations, selection favoring the wlld typs alleles was
clearly at work, for, except in forked populations, the frequency of
phenotyplcally wild type flies rose quickly to above 90% and remained
there, indicating the phenotypic control of the ponulations by natural
selection. Both the £ and gl genes remained quite frequent, £ because
of 1ts good viability, gl because carried in the hsterczygous condition
in both sexes, In additlion to the effects of natural selection, the
offects of random fluctuations in gene frequency were obhserved in
these populations, As a result of these fluctuations, the individual
populatlons came to differ widely from each other in gene frequency.

In no instance, howvever, did the recesslve mutant bscome fixed in

the population., In some cases, the wild type zenes bescams fixed, but
other populations remained hetereczygous so that these populations

came to differ qualitatively from each othser because of genetic drift.
The effects of selaection and genetic drift together produced the
results obtainsd., Selection in favor of the wild type operated at all
populatlion sizes and apoaroently prevented the fixation of the deleter-
ious recessives in any of the populations. However, random loss of

the rocesslive did occur. wVhen fluctuations in size occur, natural
selection favors the wild type alleles while the population is
relatively large. Then the size is at a minimum, the wild type genes
are already more frequent and selection still favors them. In addition
genetic drift now reinforces the action of selection since it generally
donds to reduce the frequency of the less frequent allele in a population,
Thus, homozygosity for the favored alleles was achieved more rapidly

in these small populations than it was in larger comparable populations
because of the combined effects of selection and genctic drift,

The results with the sex-linked and autosomal recessives in
competition with their wild type alleles at inltially low frequenciles
in popilation bottles were included in the paper entitlied "Competition
between mutants in experimental populations of Drosophila melano-
ggater", which has besn submitted for publication, and were also
summarized in the Annual Progress Report for 195}, Briefly, certain
significant features may be mentioned. The decline in frequency of the
autosomal recessivos, vestigzial and plass, conformed to the theoretical
curve expected for complete selection azainst an autoscmal recessive,
yot vlability tests indlicated these mutants to be 0.§ as viabls as the
wlld type, However, mating tests showed wutant malss to be only ome~-tenth
as successful as the wild type so that the rapid descline appears
primarily dus to selective mating. The more gradual decline in
frequency of the sex-linked mutants, yellow and raspberry, which
equalled the wild type in viabllity was anain related toc mating success,
Raspberry males inseminated halfl as many females, yellcw one-tenth
as many as the willd type males, and this was reflescted in the more
rapid declinse 1in frequency of in the populations, The mode of change
conformed to a theoretical partial selection curve, with the most
rapld changes occurring at intermediate gene frequencles. Since the
wild tyve became established in 19 of 20 vg and gl ponulations but
only 8 of 19 ras and Y propulations in whlch selection ovressures were
lower, it 1s clear that chance plays a more important role wheun selection
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pressures are lower. The deviations from a 1:1 sex ratio were greater
in the homozygous mutant populations than in those populntions in which
the wild type became established, a result supporting Fisher's
hypothesis that the secondary sex ratio should be adjusted toward
unity by natural selection,

The exporiments with the sex-linked and autosomal dominant
populations are now nearly over, but will not bo written up for
publicatlion until viability, mating, and possibly other tests have
been completed. The sex-linked mutante were Bar and Bsadex-3, the
aujosomals, brown~Dominant, and two different alleles of Loée. Only
bw" acts as a complete dominant to the wild tyoe, and only in these
populations did the wild type have difficulty becoming establighed
from an Initial frequency of 0.5% or less. Analysis of the bw" popu-
lations since the last report has shown that they did not carry the
recesﬁive wild type in the heterozygous condition. In one population
of bw“, however, the wlld type has appeared and started to increase
in frequency, indicating that here, too, the wild type is superior,
and its difficultlies in becoming established must be ascribed to
its recessiveness, Contrary to some previcus reports by othor authors,
there has bsan no indication of an equilibrium between mutant and
wild type in any of these populations. Rathsr, in most populations
in which the wild type became established, it has now eliminated
the mutant type, Some tasts of mating success and viabllity have
been completed since the last report, and these again indicate that
the more drastic effects of the mutants are on m:ting behavior, ‘YWhen
the dominants reached a low frequency, they usually were elimlnated
almost at once from the pooulations unlike the recessive mutants, This
result indicates that selection pressure against the dominants in
the populations must have been quite hizh, Thess results will be
written up for publication when the experimenta have been completed,

The results of the experiments with the white serles of
mutants, whilte, eosin, apricot, coral and satsuma were also included
in the paper 'Competition between mutants In experimental populations
of Drosophila melanozaster" mentioned above and were summarized
in the 1 Ammual Report. The more important points may be briefly
mentioned here. These various mutants differed less In selective
value than any previously tested, but nevertheless definite trends
in gene frequency change were observed in all cases except white vs,
gatsuma., l!lence, even these mutants do not support the concept of the
adantively neutral gene, The gex ratlos in all cases showed
slgnificant excessss of males, the hiphest being 2 males: 1 female.

Apparently two doses of these mutants in the females were more deleterious

than a slnzle doss to the males, Since the eye colors of malos and females

did not differ greatly, but their viabllities did, Mulloer's theory of
dosage compensation, a system of sex-linked modifying genes adjusting
the effects of different doses of the sex-linked genes to comparable
values in males and females, does not seem applicable in thls case,

Coral and anricot have baen shown to be pseudo-allasles of
white, OSince there wns an excoss beyond expectation of heterozygous

females in those pooulations, 1t sppears that heterosis may accompany

paseuvdo-allelism, that it is due to tho respective wild type alleles
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present, and that those oases of allelic interadtion reported as
supporting the over-domlnance theory of 1eterosis may be due to
Pseudo-allelism, Since new phenotypes are exposed to natural selection
without complete loss of the adaptive value of the wlld tyne, oseudo-
allelism may have adaptive value,

Tho wide devintions in both directions from a l:1 sex ratio
found in the populations with the white seriles or the autosomal
recossive genes Indloate that the adaptlve valuocs of genes may
differ in malss and femaleos, This result lends substance to the
posalbility that balanced polymorphliem may be due in some cases to
theas diffaronces.

An analysis of the second and third chromosomes of Drosophila
melanogaster wmales was made in the fall of 1954. This analysis showed
no significant differences between these two large autosomes in the
frequency of classes tested, Of 3%6 112 chromosomes analyzed L0.2%
were normal, 19.7% sub-vital, 10.7% semi-lethal, and 29.4% lethal.

This analysis is $o be repeated to deotermine whethor any changes in
these frequencies occur and whether they can bs related to pooulation
size or to environmental factora.

B, Selective mating and sexual isolation

The results of some of the work on selective mating werse
reported in a papor entitled "Seleotive mating as a cause of gene
frequency chenges in laboratory populations of Drosophila melanozaster"
published in Evolution 7:287-296(1953). In those experiments, the
adverse effects of mutant pgenos on mating success appeared to be
primarlly responsible for their decrease in frequency in populations.
This same findincg has since been made with the other recessive and
dominant mutants studled, Since such studies have now been made on
about 10 different mutants, it begins to appear that the most
deleterious effect of mutant genes is usually on matin- behavior and
that a largo fraction of theo selstction pressure against such mutants
18 due to aelective mating., Since the Hardy-Yeinberg equilibrium, the
starting point in populat!on genotics, is based on the assumption of
random mating, 1t 18 clear that this assumption must be tested., The
results seem to indicate that —ating behavior, in some respects the
most complex physlolozical mechanism in the organism, 1s more sensitive
to the adverse effects of the mutants than such tralits as viabllity
or feocundity, That mutant males are relatively unsuccessful in mating
may help account for the virtual absence of mutant phenotypes in most
wild populntions, well below the expoctations based on known gene
frequencies and random mating. If selective mating is one of the
dominant selective forces, as appears llkely, several other possibillitles
should be noted, On the one hand, selactive matling may act as a
conservative force in evolution because the more extreme variants in
a population are less apt to mate successfully., On the other, favorable
mutants can bs spreand very rapidly through a population due to a
mating advantags. Furthermore, differentiation of 1solated populations
may ocour because of differences which develop in their breeding
patterns, as distinect from those due to differences in their physical
environments, or to genetic drift, or to what Mayr has recently called
a change in gonotic environment,
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A study entitled "Sexual isolation between Drosophila persimilis
and Qrgsgghila seudoobs " was published in t erican
Naturalis 193~ » The results of exporiments testing the
degree of sexual {solation between these closely related species
indiocated clearly that sexual 1solation 1s detormined primarily by
the behavior of the females, Sexual isolation was found to be much
higher in expsriments in which females of one of the species had an
opportunity to mate with males of both species than when males of
one spacies had a chance to mate with females of both, This finding
narrows down the area of search for the significant factors which
lead to a buld-up of sexual isolatlion between populations formerly
capable of interbreeding. Since modern species definitions are
based on reproductive isolation as the ocriterion of species
distinctiveness, the manner in which such 1solation bacomes .
established in evolving populations is a fundamental question,

Further studies of the sexual isolation between these two

Spocles are in progress, A fertlle straln with wild type eyes has
been developed from hybrids between oggnge‘g. gersimil%s and glass
D. gseu%gobscura, which were back~crossed to D, persimilis, 8
straln 18 not sexually isolated from D, persimilfs, but is from D.
%seudoobaoura. Hence, the change may be regarded as essentially a

orce rogression of a part of the genotype of D. gseudoobscg§a,
including the wild type allele of orange from D. pseudoobscura, Into
D, persimilis. An attempt is now under way to breax down the sexual
Tsogaﬁfon between these two species, The hybrid females, which are
fertile, are being back-crossed first to malea of one species and then
to males of the other 1in the next generation, If this attempt is
succeasful, it may be possible to study the causes of sexual isolation
between these specles,

C, Experiments'gg-DDT resistance.

The results of some of this work have bgen submitted for
publication to the "Journal of Economlic: Zntomology" and coples of
the prapor have heen forwarded, The results were also summarized in
the Annual Progress recort for 195L4. A brief summary follows:

The development of DDT reslstance has been studied in
populations derived from inbred, laboratory, and wild stocka of Droso-
hila melanogaster. Various theories have heen proposed to account
gor the reIa%IveTy rapid increase 1in resistance which has occurred ,
in natural pooulations which have been exposed to DDT, If it 1s assumed
that the mechanism involved i1s natural selection, then no increase
in resistance would be expected In the inbred populations, The fact,
therefore, that no increase occurred in the populations derived from
the inbred strains durinz 30 months of selection but an increase has
now occurred in all six of the populations derived from wild stocks
with a greator store of variability, would seem to bear out the
assumption, Only one of seven laboratory stocks developed increased
resistance, which would sesam to show that the usual methods of
maintaining laboratory stocks lead to lnbreeding and a reduction in
the variability. \
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Populatlons derived from hybrids between the inbreds and
algo from five of the laboratory stocks did not develop increased
tolerance on exposurs. However, a population descended from five
stoocks with increased reasistance &d becoms more resistant than lts
control. These results would seem to show that variabllity per se
is not enough but that particular kinds of genes must be present
for selection to be effective. IHeterosis can probably be ruled
out as a major factor in resistance since the controls must
have remained at least as heterozygous as the exposed stocks which
were under strong selection pressure, Selection was so rigorous at
timea that as few as 10 surviving adult flies were observed in the
exposed populations. Under these circumstances, inbreeding must
ocour which would tend to rsduce the amount of heterosis in the
populations,

A furthor result which seems attributable to the inbreeding
resulting from strong selection pressure i3 the decline in resistance
in three of the exposed populations despite continued exposure to DIT,
This chance was most unusual but was obvious not only from the tests
But from the reactlons of the exposed populations to DDT concentrations
they had previously tolerated. IHowever, inbraeding will bring to
expression in the homozygous csondition deleterlous recessive genes,
which will tend to reduce the general viability of the population,
Furthermore, with inbreeding, genes favorable to resistance may be
losg from the stock by chance, In elthsr event, resilstance will
decline,

Some preliminary tests indlcate that multiple factors are
responsible for the inecreased reaistance observed, in agreement with
the separate findings of Bochnig, and Crow, and King, also with
Drosophila, Unpublished results of other workers in DIS 28 have
attributed reslstance in Drosophila to a single locus on the second chrome
osome, Such differences are to be expected. LEach population exposed
to DDT is unigue in its available variasbility, Selsction can act only
on whatever variability is opresent in the population, Hence, if no
variability is present, as in the inbreds, or no favorebls gencs ars
avallable, as apparently was the case in soms of the hybrid populatlons,
no increase in resistance can occur in response to selection,

However, if genes of any kind conferring increased resistance are
present in the population, they wlll tend to lncrease in frequency.
Thus, in some populations, multiple factors, and in others, single
dominants might well be expected to be reaponsible for DDT resistance.
Since each population will differ in its initial avalleble variabllity,
and probably in selection pressures other than DDT, in mutation pressures,
and in the fluctuations of its population sizo, it seems almost
inevitable that the level of reslstance and the genetlc mechanism
controlling resistance will often differ in different populations,

In natural ponulations, the influx of additlonal genes through
migration will conatantly replenlish the varilability in exnposed groups.
Thus, the apeclies may show considerable versatility in their abillity to
adapt to insectlicides,
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A further result is the finding that the development of
reslstance was directly related to the strength of selection pressure,
Hence, the more affectivo the control of the population by DDT, the
sooner one may expect resistance to evolve, It 1s rather paradoxlcal
that inbred populstions, which failed to become resistant, do not
occur in nature, and that the most effective control measures will
tend to produce the most resistant populations,

D. Tumor investigation

Mr. Kroman has continued his investipgation of a melanotic
tumor in Drosophlla melancfaster. Some of his results wers included
in the last Annual Report, e tumor was originally found in an ebony
mutant stock, and does not show complete penetrance. However, selection
inoreased the penstrance so that a strain with a penetrance of 85-90%
was derived from the original stock with penetrance half as great.

The tumor 1s due to major genes on the second and third chromosomss.
The gene on II is semli-dominant and found between 0 and 10 units;
the mene or genes on III are recessive,

Since the melanotic tumors appeared in the ehony stock, 1t
was suspected that ebony itself, which increases melanin production,11
might play a role in the tumor formation., However, crosses of the e
tumor stocx to other ebony stock gave no tumors in the Fj desolte
being ebony in phenotype and havin: the semi-dominsnt factor on II
present. Substitution of a sex chromosome bearlng yellow in the ell
tumor stock gave a yellow-ebony tumor stock phenotypically lighter
than the wild type. However, in this casn the tumor incidence raemained
high. Hence, it appears that melanin production controlled by ‘ebony
is not directly involved in tumor formation, An attempt to introduce
black Into the tumor stock since it too I1r: reases melanin production
resultad in the loss of tumors, Hence, 1t aopears that the melanin
production controlled by the ebony and black locl do not determlne
the appearancs of the melanotic tumors., On the other hand, in the
tumor stock, it has thus far not been possiblo to obtain a high
frequency line which lacks ebony., Occasional non-ebony tumor flies
have appeared in the crosses, but selection has been ineffective in
prpducing & non-ebony tumor line,

A report that heat shock intensifies the amount of pigment
in heterozygous ebony flies was used as the basis for experiments to
raise tumor incidence in flies homozygous for the 2nd chromosome
tumor factor and heterozygous for ebony., No lncrease in melanin
production and no tumors were observed., Crosses of the ebony tumor
stock to a wild strain, Oregon R, did result In occaslonal tumors.
Presumably, some tumor factors must be present ln thils wild strain.

Amonr environmental effects, the hlgher the temperature at
which the flies were reared, the lower the frequency of tumors,
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A study of the effect of maternal age on turor incldence
has shown that there was no significant decreass in tumor frequency
over a 10-day period. ¥"hen tumor incidence was measured among fliles
which emerped over a period of time from the same food bottls, it
was found that the frequency was higher among the last flies to emerge,

At present certain facts are clear, Tas tumors ars under
renetic control, the result of the interaction of at least two major
Zenes on two different chromosomes, Modifiirs are involvad also since
selection raised the tumor incidence. Ebony 1 or genes closely linked
to 1t are implicated, since a non-ebony tumor siock has not been
obtalned. Howaver, substitution of other ebony alleles results in
the absence of tumors. The environment plays a role in the tumor
incldence, both temperature and nutrition affecting tumor frequency.
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Finally, I wish to express my sappreciation for the support
recelved from the Office of Naval Ressarch, It hes made it possible
for me to cearry on more ressearch than otherwise would have hsen
possible with my present teachins load, end came at a most helpful
time., In addition, 1% has provided experlence and support to several
graduate students, primarily Mr. Underhlill and Mr. Kroman,.

Respectfully subnmitted,

David J., Merrell



